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D phgldq yrwhu prgho ri khdowk lqvxudqfh
zlwk h{ srvw prudo kd}dugœ
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Qr 73</ Rfwrehu/ 5334
Devwudfw
Rqh ri wkh pdlq ihdwxuhv ri khdowk lqvxudqfh lv prudo kd}dug/ dv
gh?qhg e| Sdxo| +4<9;,> shrsoh idfh lqfhqwlyhv iru h{fhvv xwlol}dwlrq ri
phglfdo fduh vlqfh wkh| gr qrw sd| wkh ixoo pdujlqdo frvw iru surylvlrq1
Wr plwljdwh wkh prudo kd}dug sureohp/ d frlqvxudqfh fdq eh lqfoxghg
lq wkh lqvxudqfh frqwudfw1
Iluvw/ zh dqdo|}h xqghu zkdw frqglwlrqv wkhuh lv d frq lfw ehwzhhq
lqglylgxdov rq zkdw frlqvxudqfh udwh vkrxog eh vhw zlwk sxeolf khdowk
lqvxudqfh1 Wkhq zh doorz wkh sxeolf lqvxudqfh wr eh vxssohphqwhg
zlwk sulydwh lqvxudqfh/ dqg zh vhh wkdw shrsoh zloo idfh orzhu frlq0
vxudqfh udwhv zlwk qrq0h{foxvlyh sxeolf lqvxudqfh frpsduhg zlwk sxuh
sulydwh lqvxudqfh1 Wklv kdv prvw olnho| wkh lpsolfdwlrq wkdw djjuhjdwh
xwlol}dwlrq ri phglfdo fduh zloo eh odujhu zlwk qrq0h{foxvlyh sxeolf
surylvlrq frpsduhg zlwk sxuh sulydwh surylvlrq1
Nh|zrugv= khdowk lqvxudqfh> prudo kd}dug> sxeolf surylvlrq> ph0
gldq yrwhu
MHO= K75/ L4;
œZh zdqw wr wkdqn Vøuhq Eorptxlvw/ Dqguhdv Zhvwhupdun/ dqg Pdjqxv Mrkdqqhvvrq
iru dgylfh dqg xvhixo frpphqwv1
|Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|1
}Fruuhvsrqglqj dxwkru= Grxjodv Oxqglq/ Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro
ri Hfrqrplfv/ Er{ 9834/ V0446 ;6 Vwrfnkrop/ Vzhghq> Skrqh= .79 ; :69<5:8/ Id{= .79
; 635448/ h0pdlo= grxjodv1oxqglqCkkv1vh1
34 Lqwurgxfwlrq
Qr pdwwhu zkdw v|vwhp iru wkh surylvlrq ri khdowk fduh9sulydwh ru sxeolf9d
frxqwu| kdv rswhg iru/ wkh frqvxphu sd|v rqo| d vpdoo sduw ri wkh wrwdo frvw
rxw0ri0srfnhw dw wkh rffdvlrq ri frqvxpswlrq1 Zkloh lqvxudqfh suhplxpv
sd|v iru wkh exon ri wkh frvw lq d sulydwh v|vwhp/ wd{ uhfhlswv duh xvhg li
surylvlrq lv sxeolf1 Exw luuhvshfwlyh ri krz khdowk fduh lv ?qdqfhg/ zh kdyh
wr ghdo zlwk wkh idfw wkdw rqfh shrsoh kdyh idoohq loo wkh| idfh lqfhqwlyhv wr
frqvxph pruh wkdq rswlpdo khdowk fduh/ vlqfh wkh| gr qrw kdyh wr sd| wkh
ixoo pdujlqdo frvw iru wkh fduh wkh| xwlol}h1 Wklv lv lq wkh khdowk hfrqrplfv
olwhudwxuh uhihuuhg wr dv prudo kd}dug +Sdxo|/ 4<9;,1 Ru vrphwlphv dv h{
srvw prudo kd}dug +]zhliho dqg Euh|hu/ 4<<:, wr vwuhvv wkh idfw wkdw lw lv
vrphwklqj dulvlqj diwhu wkh edg vwdwh kdv rffxuuhg9dv rssrvhg wr ruglqdu|
prudo kd}dug zklfk lv d fkdqjh lq ehkdylru ehiruh wkh dfwxdo dfflghqw1
Wkh sureohp ri h{ srvw prudo kd}dug kdv dwwudfwhg d orw ri dwwhqwlrq lq
frqmxqfwlrq zlwk sulydwh khdowk lqvxudqfh1 Dqg lq Ihogvwhlq +4<:6, dqg Ihog0
pdq dqg Grzg +4<<4, lw lv vkrzq wkdw lw lv qrw mxvw d sureohp ri wkhruhwlfdo
lqwhuhvw/ exw dovr ri vxevwdqwldo hpslulfdo uhohydqfh1
Wkh xvxdo zd| ri plwljdwlqj prudo kd}dug lv wr uhtxluh sdwlhqwv wr sd|
vrph sduw ri wkh frvwv rxw0ri0srfnhw/ l1h1 wr lqfoxgh d frlqvxudqfh lq wkh
lqvxudqfh frqwudfw1 Wkh odujhu wkh sduw sdlg rxw0ri0srfnhw +wkh kljkhu wkh
frlqvxudqfh udwh, wkh ohvv h{fhvv xwlol}dwlrq ri phglfdo fduh1 Rq wkh rwkhu
kdqg/ wkh kljkhu wkh frlqvxudqfh udwh wkh ohvv ulvn uhgxfwlrq1 Vr/ wkhuh lv dq
lqkhuhqw frq lfw ehwzhhq uhgxflqj h{fhvv xwlol}dwlrq dqg uhgxflqj ulvn zkhq
ghflglqj rq wkh frlqvxudqfh udwh14 Wkh rswlpdo frlqvxudqfh udwh pdnhv dq
lghdo wudgh0r> ehwzhhq plqlpl}lqj ghdgzhljkw orvvhv dqg uhgxflqj ulvn1
4Lw lv lq wkh lqwhuhvw ri wkh ex|hu ri lqvxudqfh wr uhgxfh ryhufrqvxpswlrq vlqfh wkh
suhplxp zloo ghshqg rq wkh h{shfwhg frvwv iru wkh ex|hu*v phglfdo fduh1
4Q r wh y h u | e r g |z l o oz d q ww k hv d p hf r l q v x u d q f hu d w hv l q f hs h r s o hg l >hu
lq krz wkh| zdqw wr vwulnh wkh edodqfh1 Zlwk sulydwh khdowk lqvxudqfh wkh
pdunhw fdq r>hu ex|huv gl>huhqw frqwudfwv/ vr wkdw shrsoh suhihuulqj d orzhu
frlqvxudqfh kdyh wr sd| kljkhu suhplxpv1 Wklv lv jhqhudoo| qrw wkh fdvh
zkhq khdowk lqvxudqfh lv ixoo| wd{0ixqghg1 Wkhq shrsoh fdqqrw fkrrvh krz
pxfk wr sd| dqg jhw d frlqvxudqfh lq dffrugdqfh zlwk wkhlu frqwulexwlrq/
exw lqvwhdg rqh frqwudfw dssolhv wr hyhu|rqh1
Lw lv txlwh gl>huhqw wr kdyh d xqlirup frlqvxudqfh udwh ghwhuplqhg lq d
srolwlfdo surfhvv/ wkdq kdylqj gl>huhqw udwhv ydu|lqj lq dffrugdqfh zlwk rqh*v
suhihuhqfhv1 Lw zloo/ iru lqvwdqfh/ kdyh gl>huhqw frqvhtxhqfhv iru h!flhqf|
dqg glvwulexwlrq1 Rxu ?uvw remhfwlyh lv wr surylgh lqvljkwv rq zkdw idfwruv
fdxvh lqglylgxdov wr kdyh gl>huhqw suhihuhqfhv ryhu srolf| dowhuqdwlyhv= Xqghu
zkdw frqglwlrqv lv wkhuh d frq lfw lq vrflhw| rq zkdw frlqvxudqfh udwh vkrxog
eh vhwB Lw wxuqv rxw wkdw wkh wzr fuxfldo sdudphwhuv duh wkh lqfrph hodvwlflw|/
z k h w k h ul wl vo d u j h ur uv p d o o h uw k d qr q h /d q gu l v nd y h u v l r q /z k h w k h us h r s o h
duh fkdudfwhul}hg e| frqvwdqw/ lqfuhdvlqj ru ghfuhdvlqj uhodwlyh ulvn dyhuvlrq1
Diwhu wkdw/ zh doorz wkh sxeolf lqvxudqfh wr eh vxssohphqwhg zlwk sulydwh
lqvxudqfh1 Wkhq zh dqvzhu wzr txhvwlrqv= Zkr zloo ex| wkh h{wud fryhu0
djhB Dqg krz grhv wkh frlqvxudqfh udwhv shrsoh qrz idfh frpsduh zlwk wkh
udwhv fkrvhq zlwk sxuh sulydwh surylvlrqB Wkh dqvzhu wr wkh ?uvw txhvwlrq
lv= orz0lqfrph lqglylgxdov zloo +xqghu uhdvrqdeoh dvvxpswlrqv, eh wkh rqhv
sxufkdvlqj vxssohphqwdu| lqvxudqfh1 Dqg wkh dqvzhu wr wkh vhfrqg txhvwlrq
lv wkdw shrsoh zloo idfh d orzhu frlqvxudqfh udwh zlwk sxeolf wkdq zlwk sulydwh
lqvxudqfh1
Zkdw frlqvxudqfh udwh lv vhw zloo d>hfw krz pxfk khdowk fduh shrsoh zloo
frqvxph1 Dqg lq wkh hqg wklv zloo ghwhuplqh wkh djjuhjdwh ohyho ri khdowk
fduh h{shqglwxuhv lq wkh hfrqrp|1 Lw lv wkhuhiruh lqwhuhvwlqj wr dqdo|}h zkdw
5v|vwhp/ sxeolf ru sulydwh/ uhqghu wkh kljkhvw djjuhjdwh vshqglqj rq phglfdo
vhuylfhv1 Zh dujxh wkdw sxeolf lqvxudqfh zklfk doorzv sulydwh vxssohphqwdu|
lqvxudqfh zloo dfwxdoo| uhvxow lq odujhu djjuhjdwh h{shqglwxuh1
Dq remhfwlrq wr wkh fodlp wkdw frlqvxudqfh udwhv ghwhuplqh ghpdqg frxog
eh wkdw pdq| w|shv ri phglfdo vhuylfhv duh udwlrqhg/ vr wkdw shrsoh fdqqrw
fkrrvh wr frqvxph dv pxfk dv wkh| zdqw wr1 Zh gr qrw ghq| wkdw udwlrqlqj
lv dq lpsruwdqw dvshfw ri khdowk fduh surylvlrq15 Exw vrph w|shv ri fduh duh
hdvlhu wr udwlrq wkdq rwkhuv1 Fduh wkdw lv oderu lqwhqvlyh fdq eh udwlrqhg e|
uhvwulfwlqj wkh vxsso| ri grfwruv dqg qxuvhv/ wkxv fuhdwlqj zdlwlqj olvwv iru
vxujhu| iru lqvwdqfh +vhh Ehvoh| hw do/ 4<<</ iru dq dqdo|vlv ri wkh lpsruwdqfh
ri zdlwlqj olvwv dv ghylfhv iru udwlrqlqj,1 Exw zdlwlqj olvwv lv d udwlrqlqj gh0
ylfh qrw dydlodeoh iru doo w|shv ri fduh1 Skdupdfhxwlfdo guxjv rqo| uhtxluhv
ds u h v f u l s w l r qw re h?oohg rxw e| d sk|vlfldq9d qrw yhu| wlph frqvxplqj
surfhgxuh9dqg wkhq wkh sdwlhqw fdq wuhdw klpvhoi dw krph1 Dqg dq lqgl0
fdwlrq ri wkh sureohp zlwk udwlrqlqj skdupdfhxwlfdo guxjv lv wkdw Phglfduh
lq wkh X1V1 grhv qrw fryhu dpexodwru| guxjv iru wkh ihdu ri prudo kd}dug
+Vfkzhlw}hu/ 4<<:,16
Vr/ dowkrxjk udwlrqlqj lv dq lpsruwdqw dvshfw ri khdowk fduh zh gr eholhyh
wkdw wkhuh duh hqrxjk lqvwdqfhv zkhuh udwlrqlqj grhv qrw wdnh sodfh9ru lv
5Wklv lv suredeo| pruh frpprq zkhq surylvlrq lv sxeolf udwkhu wkdq sulydwh1 Lq idfw/
wkh frpelqdwlrq ri ohwwlqj ulfkhu shrsoh sd| d odujhu vkduh ri wkh khdowk fduh eloo e| wd{
ixqglqj zkloh dw wkh vdph wlph uhvwulfwlqj hyhu|erg| wr frqvxph pruh ru ohvv wkh vdph
dprxqw/ lv suredeo| dq lpsruwdqw srolwlfdo udwlrqdoh wr zk| sxeolf surylvlrq lv vr frpprq
+vhh Ehvoh| dqg Jrxyhld/ 4<<7/ iru d glvfxvvlrq,1
6D ixuwkhu lqglfdwlrq ri wkh sureohpv zlwk udwlrqlqj guxjv lv wkh gudpdwlf lqfuhdvh lq
h{shqglwxuhv rq guxjv wkdw dv wdnhq sodfh lq prvw RHFG frxqwulhv gxulqj wkh odvw ghfdgh/
hdwlqj lqwr khdowk fduh exgjhwv1 Wkdw udwlrqlqj lv kdughu zlwk guxjv wkdq rwkhu w|shv ri
fduh dqg ghpdqg kdyh wr eh uhvwulfwhg lq vrph rwkhu zd|/ lv dovr lqglfdwhg e| wkh idfw
wkdw frlqvxudqfh udwhv duh xvxdoo| pxfk kljkhu iru guxjv wkdq rwkhu w|shv ri fduh1
6vr lqfrpsohwh9wkdw lw phulwv d vhsdudwh dqdo|vlv1
Wklv sdshu lv prvw forvho| uhodwhg wr wzr vhsdudwh uhvhdufk olqhv1 Rqh frq0
fhuqv srvlwlyh dqdo|vlv ri sxeolf surylvlrq ri sulydwh jrrgv lq jhqhudo +Xvkhu/
4<::/ Hssoh dqg Urpdqr/ 4<<7,1 Lq wkhvh sdshuv lw lv dvvxphg wkdw wkh
jrrg lv surylghg xqlirupo| wr hyhu|erg|1 Zlovrq dqg Ndw} +4<;6,/ krzhyhu/
dqdo|}hv zkdw vkrxog fkdudfwhul}h dq qrq0udwlrqhg jrrg wkdw d srolwlfdo pd0
mrulw| ?qgv ehqh?fldo wr vxevlgl}h1 Ixuwkhu/ wkh| dqdo|}h zkdw wkh ohyho ri
vxevlgl}dwlrq fkrvhq e| wkh pdmrulw| ghshqgv xsrq1 Rqh frqfoxvlrq lv wkdw
jrrgv zlwk odujh frpshqvdwhg sulfh hodvwlflwlhv duh edg wdujhwv/ ehfdxvh vxe0
vlglhv ohdg wr wrr pxfk zdvwhixo frqvxpswlrq/ l1h1 odujh ghdgzhljkw orvvhv1
Wkh wzr h{dpsohv ri jrrgv wkh| phqwlrq dv dfwxdoo| ehlqj vxevlgl}hg duh
hgxfdwlrq dqg khdowk fduh1
Ghflglqj rq d ohyho iru vxevlgl}dwlrq ru vhwwlqj d frlqvxudqfh udwh frxog
vhhp olnh wzr vlghv ri wkh vdph frlq1 Exw wkhq zh irujhw wkdw hyhq zlwkrxw
sxeolf lqwhuyhqwlrq wkhuh zloo eh 3vxevlgl}dwlrq4 ri khdowk fduh dw wkh wlph ri
frqvxpswlrq1 Vr/ wkh vlwxdwlrq wr frpsduh wkh rxwfrph xqghu sxeolf suryl0
vlrq zlwk lv qrw rqh ri }hur ghdgzhljkw orvvhv vlqfh wkhuh zloo eh ghdgzhljkw
orvvhv hyhq zlwk sulydwh surylvlrq1
Dqrwkhu zd| ri sxwwlqj wklv lv wkdw wkh surylvlrq ri khdowk fduh vkrxog eh
dqdo|}hg lq h{shfwhg xwlolw| whupv dqg zkdw wkh jryhuqphqw surylghv vkrxog
eh frqvlghuhg dv lqvxudqfh1 Wklv lv grqh lq wkh vhfrqg olqh ri uhvhdufk wklv
sdshu lv forvho| uhodwhg wr= wkh olwhudwxuh rq sxeolf surylvlrq ri khdowk lq0
vxudqfh1 Euh|hu +4<<4/ 5333, grhv wklv iurp d qrupdwlyh shuvshfwlyh/ zkloh
Jrxyhld +4<<:, grhv lw iurp d srvlwlyh shuvshfwlyh lq d yrwlqj prgho1 Jrx0
ylhd/ krzhyhu/ devwudfw iurp prudo kd}dug/ dqg hyhu|erg| frqvxphv wkh
vdph dprxqw ri khdowk fduh1
Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv> lq Vhfwlrq 5 wkh wkhruhwlfdo
7prgho lv lqwurgxfhg dqg vrph uhvxowv iru sxeolfo| surylghg khdowk lqvxudqfh
lv suhvhqwhg1 Ixuwkhu wkh frqglwlrqv iru d srolwlfdo htxloleulxp duh glvfxvvhg1
Lq Vhfwlrq 6 zh doorz wkh sxeolf lqvxudqfh wr eh vxssohphqwhg zlwk sulydwh
lqvxudqfh +zh fdoo wklv fdvh qrq0h{foxvlyh sxeolf lqvxudqfh,/ dqg lq Vhfwlrq
7 zh glvfxvv zkhwkhu djjuhjdwh phglfdo fduh xwlol}dwlrq zloo eh odujhu zlwk
qrq0h{foxvlyh sxeolf lqvxudqfh wkdq zlwk sxuh sulydwh lqvxudqfh1 Ilqdoo|/
Vhfwlrq 8 frqfoxghv dqg vxppdul}hv1
5 H{foxvlyh sxeolf khdowk lqvxudqfh
514 Wkh Prgho
Lq wklv vhfwlrq zh dqdo|}h sxeolfo| surylghg khdowk fduh lqvxudqfh/ zkhq
vxssohphqwdu| sulydwh lqvxudqfh lv qrw doorzhg1 Lq wkh hfrqrp| wkhuh duh
? lqglylgxdov zkr gl>hu rqo| lq hqgrzhg lqfrph/ +￿1 Iru wkh lqglylgxdov
wkhuh duh wzr srvvleoh vwdwhv ri wkh zruog= loo/ U/ dqg zhoo/ ‘1W k h |d o oi d f h
suredelolw| R ri ehfrplqj loo/ dqg wkhuhiruh wkh| duh zhoo zlwk suredelolw|
E￿￿R￿1V rR lv h{rjhqrxv dqg frqvwdqw ehwzhhq lqglylgxdov1 Wkh lqglylgxdov
fdq frqvxph wzr w|shv ri jrrgv/ S/q r q 0 k h d o w kj r r g v /d q g6/df r p s r v l w h
khdowk jrrg1 Wkh sulfhv ri erwk jrrgv duh qrupdol}hg wr rqh1
Lq fdvh ri jrrg khdowk xwlolw| ghshqgv rqo| rq jhqhudo frqvxpswlrq L‘ES￿1
Dq lqglylgxdo wkdw kdv idoohq loo jhwv xwlolw| erwk iurp jhqhudo frqvxpswlrq
dqg iurp phglfdo fduh/ dqg suhihuhqfhv duh jlyhq e| wkh vhsdudeoh xwlolw|













E| frqvxplqj phglfdo fduh rqh*v xwlolw| wkxv lqfuhdvhv exw ixoo khdowk lv qhyhu
uhfryhuhg1
Wkh jryhuqphqw surylghv khdowk lqvxudqfh wkdw uhlpexuvhv wkh lqglylgxdo
iru sduw ri klv phglfdo h{shqvhv1 Wkh sdwlhqw*v rxw0ri0srfnhw sd|phqw zloo
8htxdo q6￿/z k h u hq lv wkh frlqvxudqfh udwh1 Wkh khdowk lqvxudqfh lv ?qdqfhg
iurp d sursruwlrqdo lqfrph wd{1 Wkh wrwdo wd{ sd|phqw iru wkh lqglylgxdo
lv A￿ ’ |+￿/z k h u h| lv wkh wd{ udwh dqg +￿ lv hqgrzhg lqfrph iru lqglylgxdo
￿1 Wkhuh duh qr rwkhu sxeolf h{shqglwxuhv/ vr wd{ uhfhlswv duh xvhg vroho| iru
surylglqj khdowk lqvxudqfh1
Zh dvvxph wkdw wkh jryhuqphqw edodqfhv wkh exgjhw lq h{shfwhg whupv/












Wkh wd{ udwh | qhhghg wr udlvh hqrxjk uhyhqxh fdq qrz eh h{suhvvhg lq whupv
ri phdq lqfrph/ +/ dqg phdq phglfdo fduh h{shqglwxuhv/ 6=




Dqg lqglylgxdo ￿*v wd{ sd|phqw zloo khqfh eh=
A




Lw lv lqvwuxfwlyh wr frpsduh wkh wd{ sd|phqwv iru gl>huhqw lqglylgxdov
zlwk wkh suhplxpv wkh| zrxog kdyh wr sd| li khdowk lqvxudqfh zdv lqvwhdg
sxufkdvhg rq wkh pdunhw1 Wkh dfwxduldoo| idlu lqvxudqfh suhplxp/ ^￿/h t x d o v
wkh h{shfwhg fodlp=
^￿ ’ RE￿ ￿ q￿6￿Ø +7,
Doo lqglylgxdov zlwk 6￿ : 6+￿*+ zloo kdyh wkhlu khdowk lqvxudqfh vxevlgl}hg li
lw lv sxeolfo| surylghg dqg ?qdqfhg iurp d sursruwlrqdo wd{ rq lqfrph1 Zkr
zloo eh vxevlgl}hg ghshqgv rq wkh lqfrph hodvwlflw| ri phglfdo fduh1 Li wkh
lqfrph hodvwlflw| htxdov rqh/ hyhu|erg| vshqgv wkh vdph vkduh ri lqfrph rq
phglfdo fduh/ vr wkdw wkh udwlr 6￿*+￿ lv frqvwdqw1 Iurp wklv iroorzv wkdw 6￿ ’
6+￿*+ dqg/ khqfh/ hyhu|erg|*v wd{ sd|phqwv htxdov wkhlu dfwxduldo lqvxudqfh
9suhplxp1 Li wkh lqfrph hodvwlflw| lv ohvv +odujhu, wkdq rqh lqglylgxdov zlwk
ehorz +deryh, phdq lqfrph duh vxevlgl}hg1
Wkh remhfwlyh lq wklv vxevhfwlrq lv wr vwxg| krz wkh ghvluhg frlqvxudqfh
udwh ydulhv ehwzhhq lqglylgxdov1 Hdfk lqglylgxdo kdv wr pdnh wzr ghflvlrqv1
Lq wkh ?uvw vwdjh/ wkh| ghflgh zklfk udwh ri frlqvxudqfh wkh| suhihu/ dqg lq wkh
vhfrqg vwdjh wkh| ghflgh zkdw dprxqw ri phglfdo fduh wr frqvxph lq fdvh ri
looqhvv1 Zkhq pdnlqj wkhlu ghflvlrq lq vwdjh rqh/ wkh| zloo frqvlghu krz pxfk
phglfdo fduh wkh| zloo xwlol}h lq vwdjh wzr ghshqglqj rq wkh frlqvxudqfh udwh1
Vr ehiruh zh duh deoh wr ghulyh dq h{suhvvlrq gh?qlqj wkh rswlpdo frlqvxudqfh/
zh kdyh wr ghulyh dq h{suhvvlrq iru rswlpdo h{shqglwxuh rq phglfdo fduh jlyhq
q1
Wkh exgjhw frqvwudlqw idflqj wkh loo lqglylgxdo lv
+￿ ’ S￿ n q6￿ n A￿Ø +8,
Vxevwlwxwlqj wkh exgjhw frqvwudlqw iru S￿ lq wkh xwlolw| ixqfwlrq/ zh fdq zulwh
wkh pd{lpl}dwlrq sureohp dv
4@ 
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UE+￿ ￿ q6￿ ￿ A￿c6 ￿￿Ø +9,






zklfk lpsolflwo| gh?qhv 6 dv d ixqfwlrq ri q dqg +￿ +dv zhoo dv |c exw zh
vxssuhvv | lq wkh iroorzlqj,1 E| gl>huhqwldwlqj +:, zlwk uhvshfw wr 6cq dqg
+ lw fdq eh vkrzq wkdw _6*_q ￿ f dqg _6*_+ : f1
Wr ghwhuplqh wkh rswlpdo frlqvxudqfh/ zh pd{lpl}h h{shfwhg xwlolw| zlwk
uhvshfw wr q9wdnlqj wkh ghshqghqf| ri 6￿ dqg 6 rq q lqwr dffrxqw1 Wkh
wd{ sd|phqw A￿ ’ RE￿ ￿ q￿6
+￿
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Vxevwlwxwlqj wklv lqwr wkh xwlolw| ixqfwlrqv zh jhw wkh iroorzlqj pd{lpl}dwlrq




















zkhuh T U dqg T ‘ duh wkh lqgluhfw xwlolw| ixqfwlrqv +xwlolw| jlyhq wkdw 6 lv
fkrvhq rswlpdoo|, zkhq loo dqg zhoo/ uhvshfwlyho|1 Wkh ?uvw rughu frqglwlrq

















H{suhvvlrq +44, gh?qhv wkh rswlpdo q lpsolflwo|1
Rxu pdlq lqwhuhvw lq wklv vhfwlrq lv wr dqdo|}h xqghu zkdw frqglwlrqv
wkhuh lv d frq lfw ehwzhhq lqglylgxdov rq wkh +xqlirup, frlqvxudqfh udwh lq
wkh sxeolfo| surylghg khdowk lqvxudqfh1 Wr vhh krz wkh rswlpdo frlqvxudqfh
udwh ydulhv ehwzhhq lqglylgxdov zh gl>huhqwldwh wkh ?uvw rughu frqglwlrq zlwk










































￿c￿’ Uc‘ lv wkh uhodwlyh ulvn
dyhuvlrq/ dqg l￿ ’ 6￿ ￿ R6
+￿
+ n R E￿ ￿ q￿Y6
Yq
+￿
+ : f +zh vkrz wkdw l￿ : f lq
;Dsshqgl{ D14,1 Wkh vhfrqg rughu frqglwlrq/ 7Ø￿Ø￿ ￿ f/l vd v v x p h gw re h
vdwlv?hg1
Wkh vljq ri _qW*_+ lv dpeljxrxv1 Lw zloo ghshqg rq wkh vl}h ri wkh lqfrph
hodvwlflw| dqg krz uhodwlyh ulvn dyhuvlrq fkdqjhv zlwk lqfrph1 Qrwhzruwk|/
krzhyhu/ lv wkdw lw grhv qrw ghshqg rq wkh lqglylgxdo*v sulfh hodvwlflw|1 Wkh
sulfh hodvwlflw| lv dq lpsruwdqw idfwru lq vhwwlqj wkh rswlpdo frlqvxudqfh/ exw
zlwk wd{ ?qdqfhg khdowk lqvxudqfh hyhu|erg| edvh wkhlu ghflvlrq rq wkh vdph
sulfh hodvwlflw|9krz wkh dyhudjh ghpdqg iru phglfdo fduh uhvsrqgv wr sulfh
fkdqjhv1 Vr hyhq li wkh sulfh hodvwlflw| gl>huv ehwzhhq lqglylgxdov/ wklv zloo
qrw lpso| d frq lfw rq suhihuuhg frlqvxudqfh1
Dqdo|}lqj krz lqfrph hodvwlflw| dqg ulvn dyhuvlrq d>hfw wkh suhihuuhg
frlqvxudqfh/ zh kdyh wkh iroorzlqj uhvxow=
Sursrvlwlrq 4 Li shrsoh duh frqvwdqwo| uhodwlyho| ulvn dyhuvh +FUUD, dqg
wkh lqfrph hodvwlflw| lv vpdoohu wkdq rqh/ #￿￿/ rswlpdo frlqvxudqfh lq0
fuhdvhv zlwk lqfrph1















zkhuh lw fdq eh vhhq wkdw li #￿￿/ lw iroorzv wkdw _qW*_+ : f1
Lw fdq dovr eh vhhq wkdw _qW*_+ ’fzkhq # ’￿ 1Z k h q#:￿ zh kdyh
wkdw _qW*_+ ￿ f exw zh vhh wklv dv d ohvv lqwhuhvwlqj fdvh1 Dfwxdoo|/ wkh
dvvxpswlrq ri #￿￿ ?qgv vwurqj vxssruw lq wkh olwhudwxuh/ vhh iru h{dpsoh
Jhw}hq +5333,1
Wkh lqwxlwlrq lv wkh iroorzlqj= Wkh lqfrph hodvwlflw| d>hfwv qW lq wzr
zd|v1 Iluvw/ wkh lqfrph hodvwlflw| zloo ghwhuplqh krz wkh wd{0sulfh iru khdowk
lqvxudqfh ydulhv ehwzhhq lqglylgxdov/ dv glvfxvvhg hduolhu1 Li #￿￿/o r z
<lqfrph hduqhuv duh vxevlgl}hg jlyhq wkh sursruwlrqdo lqfrph wd{1 Wkh orzhu
wkh lqfrph/ wkh odujhu wkh vxevlg|1 Wkhuhiruh/ srruhu shrsoh zloo zdqw pruh
khdowk lqvxudqfh/ l1h1 orzhu frlqvxudqfh1 Zkhq # ’￿qrerg| lv vxevlgl}hg
dqg wkhuh lv qr wd{0sulfh dujxphqw iru gl>huhqw shuvrqv zdqwlqj gl>huhqw
frlqvxudqfh1
Vhfrqg/ hyhq li wkhuh zdv qr vxevlgl}dwlrq9dqg hyhu|erg| sdlg wkhlu
dfwxduldo suhplxp uhjdugohvv ri wkh vl}h ri wkh lqfrph hodvwlflw|9Sursrvlwlrq
4 vwloo krogv1 Li #￿￿c wkh kljkhu wkh lqfrph wkh orzhu zloo wkh vkduh ri lqfrph
vshqw rq phglfdo fduh eh/ dqg wkh orzhu uhodwlyh ulvn zloo wkh lqglylgxdo eh
h{srvhg wr1 Khqfh/ ulfkhu shrsoh zloo eh h{srvhg wr orzhu ulvn uhodwlyh wr
wkhlu lqfrph1 Dqg wklv zloo gulyh xs wkhlu suhihuuhg frlqvxudqfh1 Zkhq
# ’￿hyhu|erg| uhjdugohvv ri lqfrph idfh wkh vdph uhodwlyh ulvn/ vr wkh ulvn
h{srvxuh lv qr vrxufh ri frq lfw uhjduglqj zkdw frlqvxudqfh vkrxog eh vhw1
Lq vkruw/ erwk h>h f w vz r u nl qw k hv d p hg l u h f w l r qz k h q#￿￿/ dqg qhlwkhu
h>hfw lv suhvhqw li # ’￿ 1
Wr vhh krz wkh rwkhu fuxfldo sdudphwhu/ wkh uhodwlyh ulvn dyhuvlrq/ d>hfwv
wkh suhihuuhg frlqvxudqfh udwh/ dvvxph wkh lqfrph hodvwlflw| lv htxdo wr rqh1
















￿ zlwk lqfuhdvlqj uhodwlyh ulvn dyhuvlrq/ 4‘
￿ :4 U
￿c wkh rswlpdo frlqvxudqfh
zloo eh orzhu wkh kljkhu wkh lqfrph1
￿ zlwk ghfuhdvlqj uhodwlyh ulvn dyhuvlrq/ 4‘
￿ ￿4 U
￿/ wkh rswlpdo frlqvxudqfh
zloo eh kljkhu wkh kljkhu wkh lqfrph1
Wklv uhvxow lv txlwh lqwxlwlyh dqg vkrxog qhhg qr glvfxvvlrq1
43515 Phgldq yrwhu htxloleulxp
Zlwk wkh dvvxpswlrqv lq Sursrvlwlrq 4 rswlpdo frlqvxudqfh lv prqrwrqh lq
yrwhuv* w|sh/ zklfk lpsolhv wkdw d phgldq yrwhu htxloleulxp h{lvwv +Jdqv
dqg Vpduw/ 4<<9,1 Zkdw fkdudfwhul}hv wkh phgldq yrwhu htxloleulxpB E|
frqvwuxfwlrq doo lqglylgxdov zloo kdyh lghqwlfdo lqvxudqfh frqwudfwv zlwk wkh
vdph frlqvxudqfh udwh/ q1 Wklv phdqv wkdw vrph lqglylgxdov w|slfdoo| zloo
jhw pruh lqvxudqfh wkdq wkh| ghvluh/ zkloh rwkhuv jhw ohvv1 Wkh rqo| shuvrq
dozd|v jhwwlqj wkh h{dfw uljkw dprxqw lv wkh phgldq yrwhu1 Iru wkh fdvhv
zh orrnhg dw lq +46, dqg +47, wkh phgldq yrwhu zloo eh wkh lqglylgxdo zlwk
phgldq lqfrph17 Wklv dovr iroorzv iurp wkh prqrwrqlflw| lq yrwhuv* w|sh1
6 Qrq0h{foxvlyh sxeolf lqvxudqfh
Wkh idfw wkdw qhduo| kdoi wkh srsxodwlrq jhwv ohvv lqvxudqfh fryhudjh wkdq
wkh| ghvluh zlwk h{foxvlyh sxeolf lqvxudqfh ohdyhv urrp iru d sulydwh vxs0
sohphqwdu| lqvxudqfh1 Zh zloo qrz h{whqg wkh dqdo|vlv lq Vhfwlrq 5 dqg
doorz iru d vxssohphqwdu| sulydwh lqvxudqfh zklfk fryhuv vrph sduw ri wkh
lqglylgxdov* rxw0ri0srfnhw frvwv18
Lq wklv vhfwlrq zh vkdoo dqdo|}h krz pxfk h{wud fryhudjh +li dq|,9krz
pxfk orzhu frlqvxudqfh udwh9zloo gl>huhqw lqglylgxdov ghpdqg1 Lq sduwlf0
xodu/ zh zdqw wr dqvzhu wkh txhvwlrq= Zloo wkh frlqvxudqfh udwh shrsoh idfh
zlwk qrq0h{foxvlyh sxeolf lqvxudqfh/ eh kljkhu ru orzhu wkdq wkh rqh shrsoh
idfh zkhq lqvxudqfh lv sxuho| sulydwho| surylghgB Wkh dqvzhu kdv lpsruwdqw
7Wkh lqfrph glvwulexwlrq lv dvvxphg wr eh vnhzhg wr wkh uljkw/ vr wkdw wkh phgldq
yrwhu zloo kdyh ohvv wkdq phdq lqfrph1
8H{dpsohv ri vxfk vxssohphqwdu| lqvxudqfh duh wkh vr fdoohg 3Phgljds4 sodqv dydlodeoh
lq wkh XVD/ wkdw fryhu ghgxfwleohv dqg frlqvxudqfhv uhtxluhg e| Phglfduh +Vfkzhlw}hu/
4<<:,1
44lpsolfdwlrqv iru zkhwkhu djjuhjdwh xwlol}dwlrq ri phglfdo fduh lv odujhu zlwk
qrq0h{foxvlyh sxeolf surylvlrq ru zlwk sxuh sulydwh surylvlrq1 Zh vkdoo uh0
vwulfw dwwhqwlrq wr wkh fdvh zkhq wkh lqfrph hodvwlflw| lv ohvv wkdq rqh/ #￿￿/
dqg shrsoh duh fkdudfwhul}hg e| frqvwdqw uhodwlyh ulvn dyhuvlrq/ FUUD1
Yrwlqj ryhu wkh frlqvxudqfh udwh lq wkh sxeolf lqvxudqfh lv d wzr0vwdjh
sureohp1 Lq wkh ?uvw vwdjh/ djhqwv yrwh ryhu q￿1 Lq wkh vhfrqg vwdjh wkh
lqglylgxdo wdnhv wkh fryhudjh surylghg e| wkh jryhuqphqw/ q￿/d vj l y h q /d q g
wkhq ghflghv rq krz pxfk h{wud lqvxudqfh vkh zdqwv wr ex|9krz pxfk vkh
zdqwv wr uhgxfh wkh sxeolf frlqvxudqfh1 Dv xvxdo lq pxowl0vwdjh sureohpv zh
vwduw zlwk wkh odvw vwhs1
Zh ghqrwh wkh uhgxfwlrq ri wkh sxeolf frlqvxudqfh udwh kc vr wkh frlqvxu0
dqfh udwh idfhg e| wkh lqglylgxdo zkhq kdylqj erxjkw vxssohphqwdu| lqvxu0
dqfh lv q7 ’ q￿ ￿k1 Dvvxplqj shuihfw frpshwlwlrq rq wkh sulydwh lqvxudqfh
pdunhw/ wkh dfwxduldoo| idlu suhplxp iru wkh h{wud fryhudjh lv
^￿ ’ Rk6￿ ’ REq
￿ ￿ q
7￿6￿Ø +48,
Zkhq ghflglqj rq ghjuhh ri vxssohphqwdu| fryhudjh/ q7/ wkh lqglylgxdo
pd{lpl}hv wkh iroorzlqj h{suhvvlrq=
4@ 


































zklfk zloo krog zlwk htxdolw| iru hyhu|erg| zlwk qW7 ￿q ￿ +wkrvh sxufkdvlqj
vxssohphqwdu| lqvxudqfh, dqg zlwk lqhtxdolw| iru hyhu|erg| zlwk qW7 ’ q￿
+wkrvh qrw sxufkdvlqj vxssohphqwdu| lqvxudqfh,1
45Diwhu wklv iroorzv wkh ?uvw vwhs/ ghulylqj rswlpdo qW￿
￿ / zkloh uhfrjql}lqj
wkdw qW7
￿ Eq￿
￿ ￿1 Krzhyhu/ lw lv qrw lpsruwdqw iru rxu sxusrvhv wr jhw d irupdo
h{suhvvlrq gh?qlqj qW￿
￿ lq wkh suhvhqfh ri vxssohphqwdu| lqvxudqfh/ vr zh
fkrrvh qrw wr shuirup d irupdo dqdo|vlv khuh1 Dq lqirupdo glvfxvvlrq zloo gr1
Zloo suhihuuhg sxeolf frlqvxudqfh udwhv/ qW￿/ fkdqjh zkhq vxssohphqwdu|
lqvxudqfh lv dydlodeohB \hv1 Lqglylgxdov sd|lqj wd{hv kljkhu wkdq wkh dfwx0
duldo suhplxp zloo qrz yrwh iru q￿ ’￿ / vlqfh wkh| qrz fdq ex| lqvxudqfh
fryhudjh dw d orzhu frvw rq wkh pdunhw1 Wklv zloo eh hyhu|erg| zlwk +￿ : +1
Lqglylgxdo*v zlwk +￿ ￿ + / rq wkh rwkhu kdqg/ kdyh qr uhdvrq wr fkdqjh wkhlu
yrwlqj ehkdylru vlqfh sxeolf surylvlrq vwloo lv fkhdshvw1 Vr/ wkhuh zloo eh wkuhh
jurxsv ri yrwhuv=




￿ Plggoh lqfrph hduqhuv= +6 ￿+ ￿ ￿ +c qrw sxufkdvlqj vxssohphqwdu|
lqvxudqfh/ dqg kdylqj qW￿
6 ￿q W￿
￿ ￿ ￿Ø
￿ Kljk lqfrph hduqhuv= +￿+ ￿c qrw sxufkdvlqj vxssohphqwdu| lqvxudqfh/
dqg kdylqj qW￿
￿ ’￿ Ø
Wkh orz lqfrph hduqhuv irup d frdolwlrq wu|lqj wr lq xhqfh srolwlfldqv wr
orzhu wkh frlqvxudqfh udwh/ dqg wkh plggoh0 dqg kljk0lqfrph hduqhuv irup
dqrwkhu frdolwlrq wu|lqj wr udlvh wkh frlqvxudqfh udwh1 Qhlwkhu frdolwlrq lv
kdss| zlwk wkh frlqvxudqfh wkh phgldq yrwhu vhwv/ exw xqolnh wkh plggoh
dqg kljk lqfrph hduqhuv wkh orz lqfrph hduqhuv fdq lpsuryh wkhlu vlwxdwlrq
e| sxufkdvlqj vxssohphqwdu| sulydwh lqvxudqfh1 Wkhuhiruh/ wkh orz lqfrph
hduqhuv zloo dozd|v eh ehwwhu r> zlwk qrq0h{foxvlyh sxeolf lqvxudqfh wkdq
zlwk sxuh sulydwh lqvxudqfh1 Kljk lqfrph hduqhuv/ rq wkh rwkhu kdqg/ zloo
eh ehwwhu r> zlwk sxuh sulydwh lqvxudqfh wkdq zlwk qrq0h{foxvlyh sxeolf
46lqvxudqfh1 Plggoh lqfrph hduqhuv zh fdqqrw vd| xqghu zkdw uhjlph wkh| duh
ehwwhu r>1
Zloo wkh srolwlfdo htxloleulxp fkdqjh zkhq vxssohphqwdu| lqvxudqfh lv
dydlodeohB \hv1 Wkh uhdvrq lv wkdw dq lqgluhfw h>hfw zkhq shrsoh ex| vxs0
sohphqwdu| lqvxudqfh lv wkdw frvwv iru wkh sxeolf lqvxudqfh lqfuhdvh1 Dqg lq
rughu wr plwljdwh wkdw h>hfw wr vrph ghjuhh wkh phgldq yrwhu vhwv d kljkhu
frlqvxudqfh zkhq vxssohphqwdu| lqvxudqfh lv doorzhg frpsduhg zlwk zkhq
lw lv qrw doorzhg1
Wkh h{sodqdwlrq lv wkh iroorzlqj1 Fkrrvlqj d orzhu q lqgxfhv lqfuhdvhg
phglfdo fduh xwlol}dwlrq/ dqg wklv lpsrvhv kljkhu frvwv rq wkh lqvxuhu1 Zlwk
sxuh sulydwh lqvxudqfh wklv h{wud frvw zloo eh ixoo| uh hfwhg lq d kljkhu suh0
plxp1 Zkloh zlwk vxssohphqwdu| lqvxudqfh/ vrph sduw ri wkh h{wud frvwv
idoov rq wkh jryhuqphqw/ vr wkh suhplxp iru wkh h{wud fryhudjh grhv qrw ixoo|
uh hfw wkh lqfuhdvh lq frvwv1 Vr pdujlqdo frvw iru h{wud fryhudjh lv orzhu zkhq
ex|lqj vxssohphqwdu| udwkhu wkdq sxuh sulydwh lqvxudqfh19 D q gd vd qh >hfw
wkh suhvhqfh ri vxssohphqwdu| lqvxudqfh zloo lqfuhdvh wkh jryhuqphqw*v frvwv
iru surylglqj khdowk lqvxudqfh1
Wkh idfw wkdw wkh pdujlqdo frvw iru dgglwlrqdo fryhudjh lv orzhu zlwk vxs0
sohphqwdu| lqvxudqfh frpsduhg wr sxuh sulydwh lqvxudqfh/ kdv lpsolfdwlrqv
iru wkh fkrlfh ri frlqvxudqfhv xqghu wkh uhvshfwlyh uhjlphv1 Zh kdyh wkh
iroorzlqj uhvxow=
Sursrvlwlrq 5 Doo lqglylgxdov zlwk +￿ ￿+ 6 zloo idfh d orzhu frlqvxudqfh
udwh zlwk qrq0h{foxvlyh sxeolf lqvxudqfh wkdq zlwk sxuh sulydwh lqvxudqfh1
Qrwlqj wkdw sxuh sulydwh lqvxudqfh lv d vshfldo fdvh ri qrq0h{foxvlyh sxeolf
9Lw lv spl ￿s+æS ￿æV,Cp
Cæ zlwk vxssohphqwdu| lqvxudqfh/ yhuvxv spl ￿s+4￿æP,Cp
Cæ
zlwk sxuh sulydwh lqvxudqfh1
47lqvxudqfh/ zlwk q￿ ’￿ c wkh Sursrvlwlrq lv suryhg e| xvlqj h{suhvvlrq +4;,
wr vkrz wkdw _qW7*_q￿ : f +vhh Dsshqgl{,1 Vhh Iljxuh 4 iru dq looxvwudwlrq1
H{suhvvlrq +4;, fdqqrw eh xvhg wr dqdo|}h wkh ehkdylru ri lqglylgxdov
zlwk +￿ A +6 vlqfh +4;, grhv qrw krog zlwk htxdolw| iru wkhp dqg khqfh
fdqqrw eh gl>huhqwldwhg1 Vr zh kdyh qr irupdo uhvxow frqfhuqlqj wkhvh lq0
glylgxdov1 Lw vhhpv yhu| olnho| wkrxjk wkdw dovr wkhvh lqglylgxdov zloo idfh d
orzhu frlqvxudqfh udwh zlwk qrq0h{foxvlyh sxeolf lqvxudqfh wkdq zlwk sxuh
sulydwh lqvxudqfh1 Lq idfw/ vwxg|lqj Iljxuh 4 lw lv kdug wr vhh krz lw frxog
eh lq dq| rwkhu zd|1
7 Lv djjuhjdwh h{shqglwxuh odujhu zlwk sul0
ydwh ru qrq0h{foxvlyh sxeolf lqvxudqfhB
Wkh wrwdo h>hfw rq djjuhjdwh vshqglqj iru phglfdo fduh zkhq vzlwfklqj iurp
sxuh sulydwh wr qrq0h{foxvlyh sxeolf surylvlrq fdq eh vhsdudwhg lq wzr h>hfwv1
Wkh ?uvw lv wkdw wd{0ixqglqj uhglvwulexwhv qhw lqfrph/ vlqfh wd{ sd|phqwv gr
htxdo dfwxduldo suhplxpv1 Fdoo wklv wkh lqfrph h>hfw1 Wkh vhfrqg h>hfw
lv wkdw wkh frlqvxudqfh udwhv shrsoh idfh duh qrw wkh vdph xqghu wkh wzr
uhjlphv1 Fdoo wklv wkh sulfh h>hfw1
Mxvw dv lq wkh suhylrxv vhfwlrq zh zloo khuh uhvwulfw dwwhqwlrq wr wkh fdvh
z k h qw k hl q f r p hh o d v w l f l w |l vo h v vw k d qr q h /#￿￿/ dqg shrsoh duh fkdudfwhu0
l}hg e| frqvwdqw uhodwlyh ulvn dyhuvlrq/ FUUD1
W k hl q f r p hh >hfw zrunv xqdpeljxrxvo| lq wkh gluhfwlrq ri lqfuhdvlqj
djjuhjdwh vshqglqj rq phglfdo vhuylfhv zkhq vzlwfklqj iurp sulydwh wr sxeolf
surylvlrq1 Wkh uhdvrq ehlqj wkdw wkh sursruwlrqdo wd{ lq frpelqdwlrq zlwk
dq lqfrph hodvwlflw| ri ohvv wkdq rqh/ uhglvwulexwhv qhw lqfrph iurp wkh ulfk
wr wkh srru1 Dqg8dovr gxh wr wkh lqfrph hodvwlflw| ehlqj ohvv wkdq rqh9srru
48shrsoh vshqg d odujhu iudfwlrq ri wkhlu lqfrph rq phglfdo vhuylfhv wkdq ulfkhu
shrsoh gr1:
Wr lvrodwh wkh sulfh h>hfw zh zdqw wr vhh zkdw kdsshqv zlwk djjuhjdwh
vshqglqj zkhq frlqvxudqfh udwhv fkdqjh zkloh lqfrphv qhw ri suhplxpv2wd{
sd|phqwv uhpdlq wkh vdph1 Dq lqglylgxdo zloo wkhq lqfuhdvh klv vshqglqj
rq phglfdo fduh li wkh frlqvxudqfh udwh kh idfhv zlwk qrq0h{foxvlyh sxeolf
surylvlrq lv orzhu wkdq wkh udwh kh idfhg zlwk sxuh sulydwh surylvlrq1
Zh nqrz iurp Sursrvlwlrq 5 wkdw hyhu|erg| zlwk +￿ ￿+ 6 idfhv d orzhu
frlqvxudqfh zlwk qrq0h{foxvlyh sxeolf lqvxudqfh wkdq zlwk sulydwh lqvxudqfh1
Dqg zh dovr dujxhg wkdw lqglylgxdov zlwk +￿ A +6 prvw olnho| zloo gr wkh
vdph1 Wkhq zh nqrz wkdw djjuhjdwh h{shqglwxuh lv odujhu zlwk qrq0h{foxvlyh
sxeolf surylvlrq wkdq zlwk sxuh sulydwh surylvlrq= wkh lqfrph dqg sulfh
h>hfwv zloo zrun lq wkh vdph gluhfwlrq1
8 Vxppdu| dqg frqfoxvlrqv
Wr sxw wkh uhvxowv khuh lq shuvshfwlyh d frpsdulvrqv zlwk wkh vrph ri wkh uh0
vxow lq Jrxylhd +4<<:, fdq eh xvhixo/ zkhuh wkh fdvh ri sxeolf surylvlrq zkhq
khdowk fduh fdq eh udwlrqhg lv dqdo|}hg1 Lq wkdw fdvh/ wkh rqhv vxssohphqwlqj
wkh sxeolfo| surylghg fduh zlwk sulydwh fduh lv kljk lqfrph lqglylgxdov +zlwk
deryh 3phgldq yrwhu4 lqfrph,1 Wklv lv ehfdxvh kljk0lqfrph hduqhuv jhw wrr
olwwoh khdowk fduh lq phgldq yrwhu htxloleulxp/ zkloh orz0lqfrph hduqhuv jhw
4wrr pxfk4= wkh pdujlqdo wd{ groodu lv ehwwhu vshqw rq vrphwklqj hovh wkdq
khdowk fduh1 Dqg 4wrr pxfk4 fdqqrw eh dgmxvwhg e| wkh lqglylgxdo dv 3wrr
olwwoh4 fdq/ dw ohdvw li khdowk fduh vhuylfhv fdqqrw eh uhvrog rq wkh pdunhw1 Vr
:Wkh kljkhu vshqglqj lqgxfhg e| uhglvwulexwlrq ri qhw lqfrph zkhq vzlwfklqj iurp
sulydwh wr sxeolf surylvlrq/ grhv qrw phdq wkdw ghdgzhljkw orvvhv lqfuhdvh1 Lqfrph h>hfwv
gr qrw fuhdwh ghdgzhljkw orvvhv1
49iru orz0lqfrph hduqhuv sxeolf surylvlrq kdv d sur +wkh wd{0sulfh lv orzhu wkdq
wkh pdunhw sulfh, dv zhoo dv d frq +wrr pxfk khdowk fduh,1 Dqg zh fdqqrw
v d |i u r pw k h r u |z k l f kh >hfw wkdw grplqdwhv1
Lq rxu fdvh/ zkhq khdowk fduh fdqqrw eh udwlrqhg/ orz0lqfrph hduqhuv
duh rq wkh rwkhu kdqg fhuwdlq wr eh ehwwhu r> zlwk +qrq0h{foxvlyh, sxeolf
surylvlrq wkdq zlwk sxuh sulydwh surylvlrq1 Wkhlu wd{ sulfh lv orzhu wkdq wkh
pdunhw sulfh dqg wkh| jhw wkhlu suhihuuhg frlqvxudqfh udwh e| vxssohphqwlqj
rq wkh pdunhw1 Lqvwhdg kljk0lqfrph hduqhuv duh wkh rqhv zkr zloo eh zruvh
r>1 Dqg wkhq wkhuh lv plggoh jurxs/ zlwk lqfrphv ehwzhhq phgldq dqg
dyhudjh/ wkdw rq wkh rqh kdqg sd|v d wd{0sulfh orzhu wkdq wkh pdunhw sulfh
exw rq wkh rwkhu kdqg idfhv d wrr orz frlqvxudqfh udwh/ l1h1 jhw wrr pxfk
fryhudjh1
Ilqdoo|/ zh zdqw wr srlqw rxw vrph olplwdwlrqv ri rxu vwxg| dqg lqglfdwh
zkdw frxog eh grqh lq wkh ixwxuh1 Iluvw/ lw lv suredeo| wrr vwurqj dq dv0
vxpswlrq wkdw qr udwlrqlqj dw doo wdnhv sodfh1 Hyhq iru wkh w|sh ri vhuylfhv
zkhuh udwlrqlqj lv kdug/ h1j1 skdupdfhxwlfdov/ wkh qr0udwlrqlqj dvvxpswlrq
lv txlwh vwurqj1 Vhfrqg/ lq rxu prgho hyhu|erg| idfhv wkh vdph suredelolw|
ri ehfrplqj vlfn1 D pruh uhdolvwlf prgho zrxog dffrxqw iru wkh gl>huhqfhv
lq suredelolw| ri idoolqj loo zh nqrz h{lvw/ dqg iru wkh qhjdwlyh fruuhodwlrq
ehwzhhq khdowk dqg zhdowk +Vplwk/ 4<<<,1
D Dsshqgl{
D14 H{foxvlyh sxeolfo| khdowk lqvxudqfh
Wr vwxg| krz rswlpdo frlqvxudqfh/ qcydulhv zlwk lqfrph/ zh gl>huhqwldwh wkh
?uvw rughu frqglwlrq iru rswlpdo q zlwk uhvshfw wr q dqg +c dqg wklv |lhogv=









































































7Ø￿Ø￿Ø Zh dvvxph wkh vhfrqg rughu frqglwlrq wr eh ixo?oohg/ vr lq
wkh iroorzlqj zh frqfhqwudwh rq wkh vljq ri ł1
Glylglqj doo whupv lq ł e| T U
S dqg lqvhuwlqj wkh ?uvw rughu frqglwlrq
iru rswlpdo q/ zh fdq vhsdudwh wkh h{suhvvlrq lqwr wzr sduwv= rqh sduw/ C/
lqfoxglqj doo whupv frqwdlqlqj wkh lqgluhfw xwlolw| ixqfwlrq/ C/d q gr q hs d u w /





















































































E￿ ￿ #￿Ø +54,
zkhuh # ’E Y6￿*Y+￿￿E+￿*6￿￿ ghqrwhv wkh lqfrph hodvwlflw|1







































































































S S￿c￿ ’ Uc‘/d g g l q j8 dqg C wr0
jhwkhu/ dqg grlqj vrph rwkhu pdqlsxodwlrqv/ dprqj rwkhu wklqjv pxowlso|lqj
zlwk SU
￿*SU
￿ +qrwh wkdw SU
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zklfk lv h{suhvvlrq +45, lq Vhfwlrq 51




























6 ￿ E￿ ￿ q￿Y6
Yq
l ￿ ￿ +58,
+zh nqrz wkdw T ‘
S *T U
S ￿ ￿ vlqfh T ‘
S ￿TU














8 ￿ ￿c +59,






6 ￿ E￿ ￿ q￿Y6
Yq






6 ￿ E￿ ￿ q￿Y6
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, l￿ : f +63,
Lq vkruw/ T ‘
S ￿TU
S lpsolhv l￿ : f1
D15 Vxssohphqwdu| sulydwh lqvxudqfh
Surri ri Sursrvlwlrq +7,= Zh orrn dw wkh ghulydwlyh _k
_q￿ c dqg iurp wkh uhodwlrq
_q7
_q￿ ’ ￿ _k
_q￿ zh zloo vljq wkh ghulydwlyh
_q7
_q￿ Ø Wkh ghulydwlyh _k
_q￿ lv rewdlqhg e|























































































lv wkh sulfh hodvwlflw|,/ dvvxplqj FUUD/ dqg vrph ixuwkhu pdqlsxodwlrqv zh
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